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Although melioidosis occasionally occurs in a  chronic form in man,  it is charac* 
teristically  an  acute infectious disease  with  mortality estimated  at  90 per cent in 
untreated cases and 30 pe~ cent in eases treated by chemotherapy (1). The disease and 
the  isolation of MaUeomyces pseudomallei as  the causative  organism were first de- 
scribed by Whitmore and Krishnaswami in 1912 in the Malay States (2). Melioidosis 
still  exists mainly in southeast Asia (3),  but sporadic cases have recently been re- 
ported from various other parts of the world (4, 5), including the United States (6, 7). 
The reservoir of infection and the exact mode of transmission to man remain unknown, 
but infection by the ingestion of contaminated food or drink  (3) and also entrance 
through abrasions in the skin have been suggested (3, 8). The organism can survive for 
long periods outside the body (3,  8) and has been detected in surface water  (8,  9). 
These observations are undoubtedly important in the epidemiology of this disease. 
The clinical  disease  in man occurs in three  main forms although all  gradations 
between  them  exist  (3,  10).  One is  the peracute,  cholera-like form with vomiting, 
diarrhea, and collapse followed by death sometimes as early as 3 days from the onset 
of symptoms. The second form, acute and  typhoid-like, occurs more frequently and 
is characterized by a febrile course with pulmonary involvement and abscesses in the 
liver, spleen, and kidneys with death in 1 to 4 weeks. In the third, a rare chronic form, 
patients have discharging sinuses from bone or deeply seated skin lesions  and may 
live for years. In addition to these three forms there may be a considerable number of 
mild cases of melioidosis which are undiagnosed (11). 
In view of the increasing number of reported cases of melioidosis  throughout the 
world, a  thorough study of its pathogenesis and factors influencing its course in ex- 
perimental animals seemed especially timely. This study, which is a  continuation of 
that by Colling and Nigg (12), is presented in 3 papers. This first paper describes the 
pathogenesis of the acute and chronic disease  produced in animals by virulent strains; 
the second (13) describes thepathogenesis of a non-fatal form of experimental melioido- 
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sis caused by relatively avirulent strains; and the third (14)  analyzes the effect  of 
immunization with the avirulent strains on the acute disease produced by virulent 
strains. Since these studies axe predominantly concerned with respiratory melioidosis 
and factors influencing  it, the results may find application to other respiratory diseases. 
To our knowledge, this is the first work describing the pathology of melioidosis pro- 
duced by the respiratory route. 
Materials and Methods 
Strain.--The virulent mouse-adapted strain 103-67 of Malleomyces pseudomallel  was used. 
This strain was derived from the twenty-second intraperitoneal  (i.p.) mouse passage of strain 
103-3 described by Nigg a  d. (15). The colonies on glycerin beef extract agar were smooth, 
colorless, and slightly convex. 
The LDs0  as  used  in  this  series  of  papers  was derived  from the  presence or  absence  of  lesions 
at  the  time of  death or sacrifice  of  the animal. This  value has  been shown by Dannenberg and 
Scott (16)  to  correlate  wcU  with  the  LDao  based on the  actual  death  of  animals. The finearized 
mortality  grid  method of  Goldberg  e~  a/.  (17)  was  employed in  the calculations  to  arrive  at the 
50 percentile,  and the assumption was made that each  animal  possessing  a melioldotic  lesion 
at autopsy would have died of this  disease.  To date we have found no exceptions to this  as- 
sumption.  The LDt0 of  the strain  used  was about 16  organisms  for  both mice  and hamsters  by 
the respiratory route and about 35 organisms for mice and 16 for hamsters by the intraperi- 
toneal route. 
Media.--The medium for fluid cultures was 4 per cent glycerin beef extract broth (pH 6.9 4- 
0.1). Approximately 10  ~° viable organisms per ml. were obtained by incubating 25 ml. of the 
seeded broth at 37°C. on a reciprocating .qhsker for 20 to 24 hours. The addition of glass beads 
to the cultures caused well dispersed growth. The medium for slants and plates was 4 per cent 
glycerin beef extract agar (pH 6.8 4- 0.1). One per cent peptone solution served as diluent for 
the quantitative determination of viable organisms. The medium for the suspensions which 
were to be nebulized was 2 per cent glycerin beef extract broth (pH 6.8 4- 0.1), and the col- 
lecting fluid for aerosol samples was 4 per cent glycerin beef extract broth containing 0.1 per 
cent silicone (Dow-Coming XEC 151). 
Animals.--Albino mice of the Namru strain (18), 2 to 6 months old, and golden hamsters, 
3 to 8 months old, were used in groups of 6 to 10 animals each unless otherwise indicated. 
Controls were the same age as the test animals in each experiment. Only females were em- 
ployed for infection by the intraperitoneal  route to avoid the possible hazard of ulcerative 
orchitis. 
The sacrificed animals were killed by intraperitoneal  administration  of  sodium pento- 
barbital (65 mg. per ml.), 0.l mL for mice and 0.2 to 0.5 ml. for hamsters. 
Routes of Inoc~dation.--Both intraperitoneal  and  respiratory  routes  of  infection  were 
employed, the latter by exposing the animals to aerosols of graded bacterial concentrations, 
generated with the Weils-type atomizer in the apparatus described by Lelf and Kmeger (19). 
Histological Sect/ons.--The lungs were fixed by the intratracheal injection of technicon FU 
45 fixative. The other tissues were placed directly in this fixative. All sections were prepared 
according to standard histological techniques. Hematoxylin and eosin, Giemsa, and occasion- 
ally L~flter's methylene blue stains were used. The bacteria stained best with Giemsa, although 
the methylene blue stain was quite satisfactory. 
Pathogenesis  of Acute Mdloidosis in Hamsters Infected by the Respiratory Route 
Gross Pathology.-- 
When  hamsters  inhaled  3  to  600  LD~0 (50  to  10,000  organisms  of  virulent 
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abscesses of varying size and number. These abscesses were often surrounded by areas 
of hemorrhagic consolidation which are dearly seen in Fig.  1.  Their spleens  were 
slightly enlarged, usually congested and after 2 days contained numerous focal necroses 
0.2 to 1.0 ram. in diameter (Fig.  1). Their livers were normal except for occasional 
minute loci and their kidneys showed no lesions, gross hemorrhage, or cortical necrosis. 
In general, the animals receiving higher infecting doses died sooner and showed more 
pulmonary lesions than those receiving lower doses. Secondary pulmonary lesions were 
numerous in animals surviving more than 3 days. 
Histopatkology.-- 
Lung.--The  development  of  individual  lesions  in  the  lung  was  studied 
intensively because in this organ each lesion probably resulted from inhaled particles 
containing single or small numbers of bacteria (20-22). 
The earliest lesions found were 10 hours old and followed the inhalation of 2400 
LD~ (3.9 ×  104 organisms). These lesions consisted of intra-alveolar accumulations of 
intact mononuclear and polymorphonuclear cells (PMN)  (Fig.  2).  Isolated bacteria 
were found in both types of cells. There was no evidence of necrosis at this stage. The 
lesions were completely isolated and therefore were probably typical of early lesions 
arising from any inhaled  dose. 
The following changes were observed after the inhalation of smaller doses of about 
280 LD60 (4.5 ×  10  s organisms). 
Twenty-four hours  after  exposure,  discrete pulmonary  abscesses  were  present. 
These consisted of accumulations of PMN, mononuclear cells, and some red corpuscles 
(Fig.  3).  The intervening alveolar septa were not visible with  Giemsa stain. Blood 
cultures may be positive at this time (12). Bacteria were found in some of the PMN, 
mononuclear cells, and necrotic tissue of the pulmonary lesions. Forty-eight hours 
after inhalation the animals appeared sick and showed marked changes in the histo- 
pathology of the pulmonary lesions. Extensive necrosis of the intra-alveoiar exudate 
had occurred,  and bacteria, present in extremely large numbers, had spread to neigh- 
boring alveoli,  bronchioles,  and lymphatics. The hamsters were dead 72 hours after 
exposure.  They showed  larger and more necrotic pulmonary lesions  (Fig.  4)  which 
contained large numbers of bacteria peripherally as well as centrally near the still 
functional blood vessels (Fig.  5). Whether the large number at these sites is due to 
increased  oxygen tension,  or to other growth factors is vnknown. The rapid growth of 
bacteria observed histologically  i  s supported by the cultural data of Coiling and Nigg 
(12). Areas of localized hemorrhagic pneumonia arising from rupture of the congested 
alveolar capillaries  usually surrounded the lesions. Isolated bacteria and those within 
necrotic debris invaded neighboring alveoli as well as the bronchioles  and lymphatics 
and frequently gave rise to secondary pulmonary loci (Fig. 6). Fig. 6 is also of interest 
because it shows  PMN  which  have passed through  the endothelium of the blood 
vessel toward the secondary lesions, which  they have been unable to reach because 
of the thickness of the muscularis or other factors. 
Spleen.--The hamster spleens, observed on days ~, 1, and 2, showed in their red 
pulp increasing numbers of disintegrating PMN and isolated bacteria, but no necrotic 
foci. However by the 3rd day, small necrotic loci were present; these were somewhat 
diffuse and contained relatively large numbers of bacteria. No granulation tissue was 
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/./ver.--The melioidotic lesions in the hamster liver were also small.  They were 
present after the 2nd day as focal necroses containing PMN, mononuclear ceils and 
bacteria (Fig. 7). Hyaline degeneration and karyorrhexis or pyknosis were frequently 
observed in some of the parenchymal cells (Fig. 7), but fatty infiltration was absent or 
m~n{rnal. 
Kidney.--The  hamster kidney showed no definite histopathology until the 3rd day. 
At this time, in several animals, fibrillar material resembling "fibrinoid" was found 
within the lumen of the capillaries of some of the glomeruli. This material stained red 
with hematoxylin and purple with periodic acid-Schiff reagent (Fig. 8). There was no 
cortical necrosis, but hemorrhages between the tubules and granular casts were occa- 
sionally present. The significance  of these findings will be discussed later. 
Pathogen, sis of A cute Melioidosis in Mice Infected  by the Respiratory Route 
Gross Pathology.-- 
When mice inhaled  18  to 600 LDs0  (300  to  10,000  organisms of virulent  strain 
103-67), they usually died 4 to 10 days later. Their lungs contained caseous abscesses 
that were similar to those in hamsters and varied in size and number according to the 
infecting dose of the organism. No hemorrhagic consolidation was present, and second- 
ary pulmonary lesions  were rare.  Their spleens,  which were enlarged 2  to 3  times, 
showed congestion and contained varying numbers of necrotic foci 0.2  to 1  mm. in 
diameter. Their livers, usually pale yellow and friable, showed a few such loci. Their 
kidneys appeared normal. The above description typifies the acute disease  (Fig. 9). 
Smaller inhaled  doses induced a  more chronic disease,  whereas larger inhaled doses 
induced a  peracute disease.  The pathology of the latter  forms is presented  in sub- 
sequent sections of this report. 
Histopathology.-- 
The histopathology of acute melioidosis in mice was studied in detail since it re- 
sembled more closely the human disease than that found in hamsters. This phase of 
the study consisted of three parts: the pulmonary disease, the metastatic disease, and 
the effects of toxemia. 
A. Pulmonary Disease.--In order to facilitate observation of very early lesions in 
histological specimens, mice were infected with 60,000  LDs0  (106 organisms) by the 
respiratory route (Fig.  10).  When they were sacrificed 10 hours later,  they showed 
lesions consisting of small accumulations of mononuclear cells frequently accompanied 
by a  few PMN.  The bacteria  were scarce and  were almost always located within 
mononuclears. 
Subsequent observations were made in mice that had inhaled lower doses of about 
220 LD~o (3.6  X  l0  s organisms). The 24 hour old lesions were well delineated abscesses 
(Fig.  11),  in which an exudate of PMN and a  few mononudear cells had filled  the 
alveolar spaces and some of the alveolar walls had undergone necrosis. Cultural evi- 
dence (14) indicated that blood stream invasion by the organism had occurred at this 
early date.  Scattered bacteria were seen in both mononuclear cells  and PIV~N. The 
growth of the lesion seemed to occur by the interalveoiar spread of the infective exu- 
date. A comparison of the 24 hour mouse lesion (Fig. 11) with a hamster lesion of the A. M. DANNENBERG~  /2.~  AND E. M. SCOTT  157 
same age (Fig. 3) dearly indicates the more rapid development of the disease process 
in the hamster. Lesions at 10 hours (Figs. 2 and 10), 2 days, and 3 days confirmed this 
observation. 
Lesions which were 2 days old were larger and more necrotic (Fig. 12). Hemorrhage 
resulting from the disintegration of alveolar wails was readily apparent and frequently 
formed an eosinophilic coagulum with the dead tissue. 
Variation in the pulmonary pathology occurred 3 and 4 days after infection. Most 
of the lesions  (Fig. 13) were still larger, more necrotic and contained extraceilular as 
well as intracellular bacteria which were less numerous than in the hamster. On the 
4th day, some of the lesions had undergone liquefaction and others had progressed to 
localized bronchopneumonia  (Fig.  14).  Simultaneously,  in other areas of the lung, 
alveolar capillaries had become congested, and a transudate (Fig. 13) and large mono- 
nudears (heart failure cells) had appeared. Mice showing this picture were acutely ill 
and probably would have died during the next 24 hours. 
B. Metastatic D/sease.--Bacteria gained access to the blood stream from the primary 
pulmonary lesions and gave rise to secondary lesions which were rare in the lung and 
absent in the kidneys. However, numerous lesions  developed in the spleen and a few 
developed in the liver. In general these lesions contained less bacteria than comparable 
lesions in the hamster and showed more tendency to localize. 
The first splenic lesions were seen in the red pulp on the 2nd day after infection by 
the respiratory route. They consisted of focal accumulations of PMN interspersed 
with  mononudear cells.  On subsequent  days larger lesions were found which had 
caseous necrotic centers that sometimes underwent liquefaction and were frequently 
surrounded by a rather thick wall of granulation tissue (Fig. 15). Bacteria were seen 
in smail numbers in both the caseous and liquefied material, but were rarely found in 
the  granulation  tissue.  Because the  spleen was continually  seeded from the blood 
stream, lesions at several stages of development were present simultaneously. 
The liver of the mouse seemed to possess greater native resistance to melioidosis 
than the spleen. 
Hepatic lesions greater than 2 to 3 ram. in diameter were rarely found and the most 
common type remained microscopic. The early lesions consisted of an accumulation of 
Pl~q in the sinusoids. The more advanced lesions were small abscesses surrounded by 
parenchymal cells which had undergone fatty infiltration and hyaline degeneration. 
Bacteria were rare but were found both within the phagocytes as well as free in the 
necrotic debris.  In some of the lesions  mononuclear cells  had replaced most of the 
PMN; fibroblasts had appeared  and degeneration  of the surrounding parenchymal 
cells had ceased. This process would probably have continued until healing occurred 
if the animal had survived. But in spite of the high native and acquired resistance of 
the liver, new lesions  were continually being formed owing to the septicemic process. 
C. The Effects of Toxemia.--Melioidosis seems to fall into the category of the sep- 
ticotoxemic diseases  like plague and  anthrax.  These  are  characterized  by such an 
overwhelming septicemia that the weak toxins formed reached damaging concentra- 
tions.  Nigg et al.  (23)  have clearly demonstrated that such toxins are produced in 
vitro by M. pseudomallei.  However, the exact cause of death from melioidosis in mice is 
unknown. The total amount of actual disease in the lungs was not enough to be fatal. 
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16) and even ruptured, but the resulting peritonitis was usually localized.  The liver 
showed varying degrees of fatty infiltration several days after inhalation of the or- 
ganism,  but  this  did not progress.  The kidneys were generally unaffected,  though 
occasionally some cloudy swelling  of the proximal convoluted tubules was found. No 
bilateral cortical necrosis, tubular damage, casts, or material resembling "fibrinoid" 
was observed.  The few brains examined histologically with hematoxylin and  eosin 
stain showed no apparent abnormalities.  Terminally,  some moribund mice dragged 
their hind legs, but this was by no means the rule and no other neuromuscular impair- 
ment was observed. The blood usually showed a rise in white corpuscle count with a 
shift from a predominance of lymphocytes to a predominance of PMN as the toxemia 
developed.  The urine showed no albumin,  sugar,  or cells.  It seems likely that  the 
toxins of M. pseudomallei probably cause death in mice through shock or by affecting 
metabolism in some manner as yet unknown. 
Chronic Melioidosis in Mice 
Chronic melioidosis occurred occasionally in mice, but not in hamsters, with infect- 
ing doses of less than 6 LDso given either by the intraperitoneal  or respiratory route. 
The chronically infected mice lived from 2  to more than 8  weeks,  while  hamsters 
infeeted with such 10w doses, were dead within 6 days. The exact conditions for the 
production of the chronic infection were not investigated, but it seemed that mice with 
few primary lesions  tended  to develop a  chronic course, whereas those with  many 
primary loci tended to develop the more acute form. A low infecting dose of organisms 
or a high native or acquired resistance in the host should therefore favor the develop- 
ment of chronic infection. 
Gross Pathology.- 
In the  typical chronic form following intraperitoneal  infection,  there  were  large 
splenic abscesses (up to 1 cm. in diameter) filled with semisolid  caseous material (Fig. 
16).  The  lungs  sometimes  contained  lesions  varying  in  diameter  from  0.1  to  4 
ram. and at other times they were free of gross lesions.  The livers were only slightly 
pale and usually showed a few focal necroses 1 to 2 mm. in diameter. The kidneys 
appeared normal. Abscesses  1 to 10 mm in size were frequently found in the peritoneal 
cavity. 
Mice infected with low doses by the respiratory route also developed chronic disease, 
apparently in a similar manner. In these cases 1 or 2 large abscesses (1 cm. in diameter) 
were present in the lung (Fig. 19 b). The pathology of the other organs was similar 
to that found in mice infected with low doses by the intraperitoneal route, except for 
the peritoneal abscesses which were absent. 
Bistopathology.-- 
Microscopically, two processes were found to be simultaneously present in chronic 
melioidosis in mice: (a) the development of chronic lesions and (b) the cellular response 
of the host to the gradual release of bacteria and their products from these lesions. 
A. Developraent of Ckronic Lesions.--The large splenic abscesses showed the same 
histological structure  as that shown in Fig.  15. There was a  central liquefied  core 
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tion tissue. The larger abscesses seen in the gross were composed of confluent smaller 
ones whose outlines were still visible histologically. The entire lesion frequently under- 
went coagulation necrosis due to impairment of the blood supply by the expanding 
lesions (Fig. 17). 
The  large  chronic pulmonary abscesses  showed  histologically a  more advanced 
stage of the localized bronchopneumonia depicted in Fig. 14. The alveolar and bron- 
chiolar walls had disintegrated, and coagulation necrosis and small amounts of granu- 
lation tissue were frequently present. 
The liver abscesses resembled those of the acute disease.  They usually remained 
small and  tended  to heal.  Higher than average numbers of PMN were frequently 
present in the portal canals, probably owing to the lymphatic transport of bacteria to 
these areas from the rest of the liver. 
No active lesions,  casts, fibrinoid, or cloudy swelling were present in the kidneys. 
B. Cellular Response of the Host to the Gradual Release of Bacteria and Their Products 
from Ckronix Melioidotic Les/ons.--The cellular response was manifested by a mobiliza- 
tion of mononuclear phagocytes as well as plasma cells. The mononuclear phagocytes 
may be responsible for the destruction of bacteria although this has not been demon- 
strated. The plasma cells may be tentatively assumed to be concerned with antibody 
production in this infection as in others (24). 
This twofold response was most readily observed in the spleen and the liver. In the 
spleen, the viable red pulp was crowded with mononuclear phagocytes, plasmacytes,  I 
and precursors of each. The white pulp was somewhat atrophied. In the liver, many 
plasma cells could be seen in the portal canals (Fig. 18) and the sinusoids were dilated 
with mononuclear phagocytes. The kidneys also showed increased numbers of mono- 
nuclear phagocytes as well as plasma cells between the tubules and even occasionally 
in the wall of a glomerular tuft. 
It is of interest that a similar histopathological picture was observed in the spleen 
and liver of mice injected intraperitoneally with heat-killed M. pseudomallei (26), but, 
in this case, no abscesses were present and PMN were rare 14 days after injection. 
The peripheral blood usually showed high white corpuscle counts (10,000 to 60,000) 
with an increased percentage of PMN. 
Degree of Immunity Produced by the Chronic Infection.- 
The histopathology just described suggested that mice harboring a  chronic meli- 
oidotic lesion should be rather immune to challenge with virulent strains. This hypoth- 
esis was tested by the following experiment. 
Mice which survived the inhalation of approximately 2 LD~0  ~ (38 organisms of strain  103- 
67), were challenged by the respiratory route 3 weeks later with approximately 29,000 LDso of 
a The ceils of the plasmacytic series were identified by criteria recommended by the Amerb 
can Society of Clinical Patholog/sts,  which is similar to that described by Thorbecke  and 
Keuning (25). 
It should be noted that chronic infections were produced by this dosage in only 4 out of 30 
animals. Of the remaining 26, 13 died before 21 days and 13, when reexposed, resembled the 
controls. The conclusions of this section are therefore based on the findings in only 4 chroni- 
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the same strain. At autopsy the number of new pulmonary lesions* was estimated  and com- 
pared to the number of lesions in controls receiving the same dose and in other controls re- 
ceiving approximately 690 LD~0. 
Since the number of primary pulmonary foci is an index of the resistance of the host 
to respiratory melioidosis (14, 16), a comparison was made of this number in the con- 
trol and chronically infected mice. Fig. 19 shows the results in representative animais. 
From this figure it is apparent that chronically infected mice (b) had many less pri- 
mary lesions than control mice (a) that received the same dose. In fact, the former 
had approximately the same number of lesions  as controls (c) that received  3~0 the 
infecting dose.  The chronically infected mice were  threefore  about  40  times  more 
resistant to the establishment of respiratory mdioidosis. In other words, the immunity 
index was 40. 
Chronic melioidosis was manifested by large progressing abscesses. Bacteria 
and  their  toxins,  invading  the  blood  stream  from  these  sites,  mobilized  the 
defense mechanisms which resulted in the accumulation of mononuclear phago- 
cytes,  plasma  cells,  and  their  precursors  in  many  organs  of  the  body.  The 
immunity was rather effective, to the extent  that secondary lesions were rare 
considering  the  continuous  bacteriemia  that  must  have  been  present.  The 
resistance  to  extrinsic  reinfection  was  likewise  increased  and  perhaps  repre- 
sented the maximum that can be obtained against this disease.  However,  this 
acquired immunity was not sufficient to eliminate  the bacteria  entrenched  in 
the  large  necrotic  loci  which  continued  to  progress.  The  animals  became 
emaciated, their defenses failed, and eventually they succumbed. 
The Effect of Inhalation  of Large Numbers of M. pseudomallei on the Ckaracter 
of the Disease in Mice and Hamsters 
In human beings a peracute form of the disease is known to occur (3,  10). To in- 
vestigate the mechanism of this form of the infection, mice and hamsters were infected 
with about 100,000 LDs0 (1.5  X  10  s organisms) by the respiratory route. The mice 
lived 2 to 3 days, the hamsters 1 to 2 days. This more rapid course was accompanied 
by two distinct histopathologieal changes described below. The first was a change in 
the observable numbers of bacteria in the lesions.  The second was the effect of the 
toxemia on the spleen. 
When mice and hamsters were infected with high doses stated above, pulmonary 
lesions developed which swarmed with bacteria (Fig. 20) and yet remained discrete. 
In the hamster, lesions were rare elsewhere  because of the early death,  but in mice 
they were frequent. The mouse spleen resembled the lung in the numbers of visible 
bacteria,  and  the  mouse liver,  which is  normally  rather  resistant  to  this  disease, 
showed similar findings (Fig. 21). 
Such large numbers of bacteria were not previously observed in mice and were not 
* Since secondary pulmonary lesions in m/ce have rarely been found following a primary 
respiratory exposure, the lesions of reinfection may be distinguished from the original lesions 
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previously observed so early in hamsters. The ability of the host phagocytes to destroy 
the bacteria was apparently partially paralyzed  4 by the overwhelming infecting dose 
and the resulting toxemia. 
In the peracute disease the toxemic effects on the liver and kidneys of mice and 
hamsters were similar to those in the less acute form, but the effect on their spleens 
was unique. The white pulp showed a peculiar "pitted" appearance caused by a swell- 
ing of the phagocytic cells  that seemed to line the branches of the central arteries 
(Fig. 22). These cells, which were first described by Dougherty and White (27),  fre- 
quently contained nuclear debris in various stages of digestion. Since this effect was 
the  only pathological change demonstrable in mice dead 24 hours after  the intra- 
peritoneal  injection of ammonium sulfate-precipitated  toxin from a  sterile  culture 
filtrate (28), it was thought to be due directly to the toxins of M. pse~domallei. How- 
ever, in the following experiment employing high doses of cortisone, the results suggest 
that  these  swollen splenic phagocytes containing nuclear  debris  may have been  a 
manifestation of acute stress mediated through the adrenal cortex. 
Three  sets of 2 mice each were injected with 2.5~ 7.5, and 25 rag. of cortisone acetate 
(Merck), intramuscularly,  intramuscularly,  and subcutaneously respectively. The mice were 
killed 2 days later with an intraperitoneal  injection of 5 nag. sodium pentobarbital.  A fourth 
set of 2 mice was injected intramuscularly  with  7.5 rag. of cortisone acetate  and killed 6~ 
hours later. All spleens were removed and examined histologically. 
No "pitted" areas were found in the spleens of the first 3 sets, but the 4th set showed 
typical areas with phagocytes containing nuclear debris (Fig. 22). Similarly, mice which died 
of melioidosis 4 and 5 days after infection rarely showed such pathology, while those dead 2 
days after infection usually did. 
It seems likely that the degree and duration of the stress phenomenon are important 
in producing this pathological effect. Whether excess adrenal cortical secretion plays 
a role in causing the "pitted" splenic areas found in melioidosis  is unknown. As stated 
above, the cellular debris ingested by the macrophages may also have been produced 
by the melioidotic toxins. 
DISCUSSION 
The pathogenesis of respiratory induced melioidosis with the virulent mouse- 
adapted  strain  103-67  in  mice  and  hamsters  appears  to  be  as  follows.  The 
mononucle~r septal phagocytes ingest the bacteria that reach the alveoli. Some 
of these bacteria multiply and cause minute lesions by virtue of their toxicity. 
Polymorphonuclear leucocytes are attracted to the site from the blood stream 
and soon become the predominant type of cell. These cells are probably ineffec- 
tive since the bacteria continue to multiply and their products cause tissue and 
cellular necrosis.  Septicemia and generalized toxemia follow and the death  of 
the  animal  ensues.  Other  strains  of M. pseudomallei  used  in  this  laboratory 
induced similar pathology. 
4 This "paralysis" of phagocytes is strikingly portrayed in Fig. 6 and 7 of the next paper of 
this series (13) in which higher infecting doses were employed. 162  M~ELIOIDOSIS: PATHOGENESIS AND IMMUNITY. I 
It is premature to postulate the exact role of toxins in this disease, but it is 
apparent from the pathological data  that they produce  both local as well as 
systemic effects. In fact Nigg eta/. (23) have produced both types of effect with 
bacteria-free filtrates of broth cultures of M. pseudomallei. 
The pathology of melioidosis in hamsters is of interest  in that  it seems to 
demonstrate that glomerular lesions similar to those of the generalized Shwartz- 
man phenomenon  can develop pari passu with  the development of an acute 
infection. 5 McKay and Wahle (29)  have reported similar findings in children 
dead of epidemic gastroenteritis due to Esch~richia  coli  0111  B4.  Conceivably, 
early in  the  course of  melioidosis the  endotoxins  and  bacteria so affect  the 
reticuloendothelial system that its function is impaired (30-32). As a result, in 
the later stages of the disease, considerable amounts of endotoxin and bacteria 
may  not  be  destroyed.  Hemorrhage  occurs,  especially  perifocally;  bacteria 
seem to grow profusely, and  material  resembling "fibrinoid"  is  deposited  in 
some of the  renal  glomeruli.  The latter  has been  considered  pathognomonic 
of the generalized Shwartzman phenomenon (30). It is likely that this phenom- 
enon contributes significantly to the cause of death in some hamsters. That all 
hamsters  did  not  develop  this  phenomenon  is  not  surprising,  because  the 
classical generalized Shwartzman reaction is a two-stage event in which timing 
is an important factor (30). 
The pathology of melioidosis in mice is of interest in that it may resemble 
the peracute, the acute, or the chronic form of the human disease  8 depending 
on the size of the infecting dose. 
The peracu~e disease in man is described as a very acute septicemia with cholera-like 
symptoms and death from collapse within the first week. Since no descriptions of the 
pathology of the peracute disease were found in the literature, analogies to the disease 
in mice rest solely on the rapidity of death. 
The acute disuse in man nearly always affects the lungs (3) where nodules showing 
either caseation (3)  or coagulation (33) necrosis  are characteristic. In addition,  the 
liver and spleen are frequently involved (3). The nodules in man begin as collections 
of PMN and, as necrosis  develops, variable amounts of local hemorrhage may be 
found. Bacteria are present in moderate numbers. The disease  is characterized by 
septicemia and toxemia with death 1 to 4 weeks after onset. This report describes  a 
similar pathological picture for mice. 
The chro~ic disease in man is rare. It may last for years and be followed by com- 
plete recovery if the abscesses are satisfactorily drained (3, 10). Histological sections 
from two chronic human cases were studied, s Both were similar to the chronic disease 
s That M. pseudom~ produces Shwartzman substance in cultures has been demonstrated 
by Nigg (28). 
6  We are indebted to the Armed Forces Institute of Pathology for providing us with human 
material from case Nos. 133004, 290549, and 180305. The first is the acute case reported by 
Cox and Arbogast (33), the second lived 6 months and was diagnosed histologically,  but not 
bacteriologically. The third  recovered but was confirmed both bacteriologically and histo- 
logically by a biopsy of an involved lymph node. A.  M.  DANNENBERG,  JR.,  AND  E.  ~[.  SCOTT  163 
of mice in that abscesses, coagulation necrosis, granulation tissue, and plasma cells 
were present. 
SUMMARY 
The  pathogenesis  of  acute  respiratory  melioidosis mice  and  hamsters  is 
described. Inhaled organisms giving rise to lesions seemed to be first engulfed 
by the mononuclear alveolar phagocytes, but in less than 1 day polymorpho- 
nuclear  cells  made  their  appearance.  In  spite  of  this  defense reaction,  the 
bacteria continued to multiply and their products caused focal necrosis. These 
loci enlarged and gave rise to septicemia, toxemia, and eventually death, which 
usually occurred in 3 to 10 days depending on the dose. Melioidosis, is, there- 
fore, an acute septicotoxemic disease resembling plague and anthrax in this 
respect. 
In hamsters the disease process developed more rapidly than in mice and 
death occurred sooner. The course of the disease in hamsters was sometimes 
complicated by intraglomerular deposits resembling "fibrinoid," which were 
similar to those of the generalized Shwartzman phenomenon. This phenomenon 
may have been an indirect cause of both the perifocal hemorrhage and the 
extremely large number of bacteria in some of the hamster lesions. 
When low infecting doses of organisms were employed, mice, but not ham- 
sters, developed a chronic type of disease, lasting 2 to 8 weeks. This was char- 
acterized  by large  abscesses  in  the  spleen  or  lung,  marked proliferation of 
mononuclear phagocytes and  plasma  cells,  and  increased immunity against 
reinfection (about 40-fold against respiratory challenge). 
When mice and hamsters inhaled high infecting doses of organisms, a  per- 
acute disease resulted with death in 1 to 3 days. Increased numbers of bacteria 
were observed in  the lesions,  and the histological changes in  the spleen  re- 
sembled those following the intravenous injection of MaUeomyces  pseudomallei 
toxin or the intramuscular injection of large doses of cortisone. These changes 
were  characterized by a  swelling of the phagocytes of the white pulp  with 
nuclear debris. 
The peracute,  the acute, and the chronic forms of melioidosis in mice are 
similar to analogous clinical forms found in man. 
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EXPLANATION OF PLATES 
All photographs are of gross or histological specimens from animals infected with 
Malleomyces pseudamallei, virulent strain 103-67. 166  MELIOIDOSIS: PATHOGENESIS AND IMMUNITY. I 
PLATE 16 
FIG. 1.  Organs of hamster moribund 3 days after inhalation of approximately 45 
organisms. Three lesions were present in the lungs, one of which is shown at the periph- 
ery of the left lung  (arrow). There is hemorrhagic pulmonary consolidation  of the 
entire left lung and of portions of the right lung. The spleen shows many small lesions. 
The liver and kidneys appear normal. Xl~. 
FIG. 2.  Lung lesion, hamster, 10 hours after inoculation of 3.9  X  104 organisms. 
The alveolar exudate consists  of PMN from septal capillaries  and occasional  mono- 
nuclear phagocytes. A fixed phagocyte (arrow) contained two bacteria and the PMN 
(arrow) contained one bacterium, none of which is seen in the photograph. Little or no 
cellular necrosis is present. Giemsa stain.  X 630. TIIE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL.  107  PLATE  16 
(Dannenberg and Scott: Melioidosis: Pathogenesis and immunity. 1) PLATE 17 
FIG. 3.  Lung lesion, hamster, approximately 24 hours after inhalation of 4.5  X  103 
organisms, a  discrete abscess  consisting of living and dead PMN and mononuclears 
located near and invading a terminal bronchiole. At higher magnification the abscess 
was seen to be surrounded by alveoli containing an exudate of PMN, red corpuscles, 
and a few mononuclear  cells. No alveolar septa were visible in the center of the abscess 
with Giemsa stain. X  120. 
FIG. 4.  Lung lesion, hamster dead 3 days after inhalation of 4.5  X  103 organisms, 
an almost completely necrotic abscess swarming with bacteria which are so numerous 
at the periphery and around blood vessels  that they appear as dark masses.  Fig. 5 
shows  a  magnification of  the  area  indicated by  the  arrow.  Perifocal hemorrhagic 
pneumonia is conspicuous. Giemsa stain. X 63. THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL. 107  PLATE  17 
(Dannenberg and Scott: Melioidosis: Pathogenesis and immunity I~ PLATE 18 
Fro. 5.  Enlargement of the area indicated in Fig. 4, showing bacteria surrounding 
the  blood vessel,  the lumen  of which lies  across  the  upper  margin.  Giemsa  stain. 
X  1220. 
FIc. 6.  Lung lesion,  hamster dead 6 days after inhalation of 5.3  ×  10  ~ organisms. 
This shows one large primary lesion and two secondary lesions  invading the dilated 
lymphatic surrounding the blood vessel.  PMN,  indistinct at this magnification, are 
trapped between the endothelium and muscularis near the secondary lesions.  Giemsa 
stain.  ×  70. THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL.  107  PLATE  18 
(Dannenberg and Scott: Melioidosis: Pathogenesis and immunity. I) PLATE 19 
FIG. ?.  Liver lesion,  hamster dead 3 days after inhalation of 4.5  X  10  ~ organisms, 
a small focal necrotic area of liver cells, Kupfter cells and PMN swarming with bac- 
teria. The arrows point to liver cells that have undergone typical hyaline degeneration. 
Karyorrhexis  or pyknosis of the  nuclei is  conspicuous in  many parenchymal cells. 
Giemsa stain.  X 930. 
FIG. 8.  Kidney, hamster, dead 3 days after inhalation of 4.5  X  10  ~  organisms, show- 
ing fibrillar material within the lumen of the glomerular capillaries.  This material was 
stained positively by periodic acid-Shift and resembled "fibrinoid." Bowman's capsule 
(partly shown) and  the basement membranes of the tubules  (not shown) were also 
stained positively. Periodic acid-Schiff. X  1030. THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL. 107  PLATE  19 
(Dannenberg and Scott: Melioidosis: Pathogenesis and immunity. I) PLATE 20 
FIG. 9.  Organs of mouse moribund 8 days after inhalation of 3.8  X  103 organisms. 
The lungs contain about 60 caseous lesions. The tracheobronchial lymph nodes (above) 
are enlarged with no visible necrotic foci. The liver shows moderate fatty infiltration 
and a small lesion (arrow)  in the center of its ventral surface. The spleen, about 2 times 
enlarged, is acutely congested and contains scattered loci, 0.2 to 1 mm. in diameter. 
The kidneys are slightly pale, but otherwise normal. ×  1~. 
FIG. 10.  Lung lesion, mouse, 10 hours after inhalation of about 106 organisms, an 
accumulation  of mononuclear  phagocytes. One (arrow)  contains two bacilli. The slower 
development of the pulmonary lesions in mice is apparent when this figure is com- 
pared with Fig. 2 which portrays a  10 hour hamster lesion. Giemsa stain.  X  1220. THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL.  107  PLATE  20 
(Dannenberg and Scott: Melioidosis: Pathogenesis and immunity. 1) PLATE 21 
FIG. ii. Lung lesion,  mouse, approximately 24 hours after  inhalation of 3.6 X  I0  ~ 
organisms. This is a  well delineated abscess, in which PMN and some mononuclear 
cells have filled the involved alveolar spaces and  an occasional intervening septum 
showed necrosis under high power. At the left, the exudate is seen entering a respira- 
tory bronchiole and a few cells have entered the lymphatics that surround the blood 
vessel. The lesion is growing by means of alveolar spread. This lesion is smaller than 
hamster lesions of the same age (compare with Fig. 3). Hematoxylin and eosin. X 250. 
FIG. 12.  Lung lesion, mouse, 2 days after inhalation of 3.6 ×  103 organisms. Alveolar 
plugs of exudate surround an area of coagulative necrosis. The exudate contains many 
disintegrated PMN as well as pyknotic mononuclear cells and scattered bacteria (not 
shown). At the lower right the exudate enters a terminal bronchiole. The central area, 
eosinophilic from fibrin and  lysed red cells, consists of a  coagulum of degenerated 
phagocytes and septal cells. There is a  thrombus in the blood vessel at upper right. 
Hematoxylin and eosin.  ×  130. THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL.  107  PLATE 21 
(Dannenberg and Scott: Melioidosis: Pathogenesis and immunity. I) PLATE 22 
FIG. 13.  Lung lesion, mouse moribund 4 days after inhalation of 3.6  ×  103 organ- 
isms. Pulmonary edema is evident at the upper right. This well developed lesion is 
sharply demarcated from the remainder of the lung which, except for the edema, is 
essentially normal. Hematoxylin and eosin. ×  60. 
Fic.  14.  Lung, mouse, 5 days after inhalation of 3.6  ×  10  ~ organisms. Localized 
bronchopneumonia. Hematoxylin and eosin.  X  130. THE  JOLrRNAL OF  EXPERIMENTAL  MEDICINE  VOL. 107  PLATE  22 
(Dannenberg and Scott: Melioidosis: Fathogenesis and immunity. I) PLATE 23 
Fro. 15.  Splenic lesion, mouse, 5 days after inhalation of 3.6  ×  10  ~ organisms. This 
abscess, situated mainly in the red pulp, has partially invaded the follicle at lower 
right. There are two circumscribed areas of hemorrhage above, lying in the  wall of 
granulation tissue surrounding the abscess. Central to the wall is a ring of caseous tis- 
sue composed of necrotic PMN and pulp cells. In the center  is an area of liquefaction. 
Hematoxylin and eosin.  ×  130. 
FIG. 16.  Organs of an emaciated mouse 21 days after intraperitoneal injection of 37 
organisms.  The  spleen  is  about  5  times  enlarged  and  contains  confluent  necrotic 
abscesses, which were adherent to the abdominal wall. The liver, normal in size, con- 
tains scattered minute foci  (arrow).  The  lungs and  kidneys are normal.  The  right 
tracheo-bronchial lymph node, located between the heart and the esophagus, is slightly 
enlarged, but shows no gross lesions. ×  1~. THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL. 107  PLATE  23 
(Dannenberg and Scott: Melioidosis: Pathogenesis and immunity. I) PLATE 24 
FIG. 17.  Splenic lesions, from a  chronically diseased mouse similar to the one  de- 
picted in Fig.  16.  Multiple necrotic abscesses are surrounded by  granulation tissue 
and red pulp, both of which have undergone coagulative necrosis. The red pulp at the 
upper  right  is  still viable and  completely filled with cells of many types:  plasma 
cells, plasmablasts,  lymphocytes, mononuclear phagocytes, and  transitional  forms, 
as well as PMN and red corpuscles, in varying proportions. Giemsa stain. ×  55. 
FIG. 18.  Liver from another chronically diseased mouse. The portal canal contains 
many cells of the plasmacytie series. At the upper left there is evidence of a  subacute 
inflammatory response of mononuclear cells and PMN  (indistinct). Vestiges of bac- 
teria (not  shown)  were found  in this area.  The parenchymal cells of the  liver are 
shrunken and show a  fine vacuolation. The sinusoids are dilated with  mononuclears 
and occasional PMN (indistinct). Giemsa stain.  ×  800. THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL.  107  PLATE  24 
(Dannenberg and Scott: Melioidosis: Pathogenesis and immunity. I) PLATE 25 
FIG. 19.  Lungs, fixed in FU 48 technicon, from control mice (a) and (s) and a chroni- 
cally diseased mouse (b) that were challenged by the following doses  of inhaled organ° 
isms: Control mouse (a) 4.6  ×  10s; chronically diseased mouse (b) 4.6  X  10s; control 
mouse (c)  1.1  X  104. The chronically diseased  mouse inhaled about 38  organisms 3 
weeks previously and at the time of challenge had both splenic abscesses  and a single 
pulmonary abscess (arrow). It is readily apparent that the primary infection prevented 
the genesis  of a great many lesions  that should otherwise have arisen from  the last 
exposure.  X  l~. 
FI~. 20.  Lung lesion, mouse moribund 3 days after inhalation of 1.5  ×  l0  G  organ- 
isms. At the upper left are a bronchiolar wall and an adjacent lymphatic invaded by 
infective exudate. In the center are alveolar plugs of partially necrotic tissue containing 
numerous bacteria. Below is an interstitial focus containing dense masses of bacteria 
near a small blood vessel  (arrow).  The number of bacteria in these lesions resembles 
the number frequently found in hamsters inhaling similar as well as lower  dosages 
(compare with Fig. 5.).  Giemsa stain. X  1200. THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL.  107  PLATE 25 
(Dannenberg and Scott: Melioidosis: Pathogenesis and immunity. I) PLATE 26 
FIG. 21. Liver lesion,  mouse dead 3 days after  inhalation  of 1.5 X  106 organisms. 
At the right  there are extensive hyaline degeneration and bacterial  proliferation  with 
relatively little cellular infiltration. The  uninvolved parenchymal  cells at  the  left 
show moderate fatty infiltration. The large numbers of bacteria visible in this lesion 
are in marked contrast to the small numbers present in the usual liver lesion which had 
a tendency to heal. Giemsa stain. X  1200. 
Fro. 22.  Spleen, mouse, 1 day after inhalation of 1.5  X  10 ~ organisms. The  central 
artery of the white pulp is cut longitudinally (lower left). A branch running perpen- 
dicular is visible and contains a red cell (arrow). A bifurcation of this branch seems to 
be present just distally. Its lower division is marked by a large phagocytic cell (arrow) 
containing  severa]  vacuoles with  dark  staining phagocytized nuclear  debris.  Such 
phagocytic cells, by virtue of their swollen, pale staining cytoplasm, give the  white 
pulp a  "pitted" appearance. The insert (upper left) contains a better view of such a 
cell. The inserts (lower right) show a similar cell from a hamster and a large heavily 
ladened cell from a cortisone-treated mouse. Giemsa stain.  X  1200. THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL. 107  PLATE  26 
(Dannenberg and Scott: Me]ioidosis:  Pathogenesis and immunity. I) 